Summary Several studies have revealed an excess of malformations in children with certain malignancies. A few environmental causes have been identified which may damage the foetus and lead to malformation and cancer. However, most of the numerous recognised cancer/malformation syndromes are genetically determined.
In Western developed countries childhood cancers represent only about 0.5% of all human cancers and differ in many ways from those in adults. In these countries about one third are acute leukaemias, 10-15% lymphomas, 28% central nervous system tumours and 15% various types of embryonic tumours. On the other hand, adult cancers are mostly carcinomas, 'associated with prolonged exposure to a hostile environment' (Dodet & Lenoir, 1990) . About 40% of paediatric malignancies in Western countries develop before the age of 5 years and the few environmental causes so far identified have mostly exerted their effect ante-natally and may also lead to malformation. Examples have been antenatal exposure to diethylstilboestrol causing adenocarcinoma of the vagina, dysplasia of vagina and cervix and maldescent and tumour of the testis (Herbst et al., 1971; Bibbo et al., 1977; Brown et al., 1986) ; antenatal diagnostic irradiation and subsequent cancers especially leukaemias (Stewart et al., 1956) or mental retardation (Mole, 1979) ; antenatal exposure to phenytoin causing the foetal hydantoin syndrome and neuroblastoma (Allen et al., 1980; Ehrenbard & Chaganti, 1981) ; and adrenal carcinoma (Hornstein et al., 1977) or hepatoblastoma (Khan et al., 1979) associated with foetal alcohol syndrome caused by antenatal exposure to alcohol (though the associations between childhood cancer and antenatal exposure to either alcohol or phenytoin are based only on case reports, not controlled studies).
On the whole genetically determined factors seem to be more important than environmental agents in the aetiology of childhood cancers, although they may interact with each other. Knudson proposed a 'two mutation' or 'two hit' hypothesis for the development of retinoblastoma (Knudson, 1971; Hethcote & Knudson, 1978; Knudson, 1978) which has since been shown by DNA technology to be correct (Cavenee et al., 1983) and may apply to several other childhood cancers too. However, although a large number of specific anomalies has been described in association with certain childhood cancers (Schimpke, 1978; Knudson, 1986; Dodet & Lenoir, 1990) such as sporadic aniridia, genito-urinary anomalies and mental retardation with Wilms' tumour due to chromosome lIp 13 deletions (Riccardi et al., 1978) there have also been reports of an excess of various less specific anomalies in children with Wilms' tumour (Miller et al., 1964) , germ cell tumours (Birch, 1980; Birch et al., 1982; Johnston et al., 1986) , rhabdomyosarcomas (Ruymann et al., 1988) and liver tumours .
The purposes of the investigation described in this report were to quantify the association of congenital malformations with childhood cancers, and, by studying the incidence of malformations in relatives, to determine to what extent these were inherited and to what extent they might represent new mutations. In addition, family pedigrees were examined for evidence of known and hitherto unrecognised cancerassociated syndromes. controls (HC). The detailed methodology, which has been described elsewhere (Birch et al., 1985) , included the verification of information gained at interview by reference to medical records, both of cases and controls. This process included examination of the obstetric records and the general practitioners' records for all cases and controls, irrespective of whether a malformation in the index child had been reported at interview. Appropriate research ethical committee approvals were obtained.
Congenital malformations in the index children and their relatives were defined as those defects listed in Chapter XIV of The Ninth Revision of the International Classification of Diseases (WHO, 1977) and also neurofibromatosis, congenital deafness and congenital and infantile hernia. For the index children we included, in addition, sacral dimples and tufts of hair over the lumbo-sacral spine. In studying the incidence of congenital malformations in the index children, only the cases and GPC were compared, since children with major defects were not considered eligible to be HC (Birch et al., 1985) . For (Fleiss, 1973) .
Results
The total numbers of individuals with congenital malformations among the case and control groups are shown in respect of the index children, their siblings, parents, grandparents and other relatives in Table I .
Index children
The numbers of children with congenital malformations in the cases and GP controls are shown for each diagnostic group in Table II . There were more case than control children with malformations in nine of the 14 diagnostic groups: however the only group to show a significant difference was the germ cell tumours, as previously reported (Johnston et al., 1986) . For all groups together a total of 60 case children had malfonnations, compared with 27 in the control group, a highly significant difference, P<0.001. The excess of malformations in all the patients with embryonal tumours grouped together (Wilms', neuroblastoma, retinoblastoma, hepatoblastoma and germ cell tumours) was statistically significant (C18, GP controls 7, P<0.05).
In Table III the nature of the malformations recorded in the case children is described for each diagnostic group and in Table IV the malformations recorded in the GP controls are listed. The anomalies observed were of many types and affected most organs and systems.
The commoner anomalies are summarised as a casecontrol comparison in Table V . A total of eight case children had chromosomal or genetic conditions of which a number are already known to pre-dispose to malignancy. Of these, Down's syndrome was present in three children with leukaemia, and a child with X-linked XY gonadal dysgenesis had gonadoblastoma (previously reported, Mann et al., 1983) . Also, a boy with skin lesions and IgA deficiency had adenocarcinoma of the caecum and later died of nonHodgkin's lymphoma; his brother, who also had skin lesions, IgA deficiency and cystic hygroma had glioblastoma multi- (Mann et al., 1983) and brothers with colorectal carcinoma and also, respectively, non-Hodgkin's lymphoma and glioma (Al Sheyyab et al., 1993) . Also, there were several individuals with neural tube defects in the family of a boy who had Goldenhar's syndrome and acute lymphoblastic leukaemia (Figure 2 ) and polycystic kidneys, neurofibromatosis, cerebellar tumour, diabetes and frontonasal dysplasia in the relatives of a boy with teratoma ( Figure 1 ).
Discussion
There have been a number of reports that children with cancer have a higher incidence of malformations than do healthy children and many specific malformation/cancer syndromes and conditions predisposing to malignancy have been described (Schimpke, 1978; Knudson, 1986; Dodet & Lenoir, 1990) . The genetic basis for many of these is now understood (Yunis, 1983; Green, 1988 ).
Most such reports of an excess of malformations among children with cancer have used figures from normal populations for comparison. However, there are many difficulties inherent in using population figures as was described by Leck (1983 (Leck et al., 1968) and other British sources (Leck, 1983) , but less serious malfomations were not included in this figure. Data from the National Children's Bureau 1958 Cohort Study and other sources suggested that in the 1960's between 3 and 4% of live and stillborn infants had serious defects (Wells, 1978 Figure 2 Pedigree of a boy with Goldenhar's syndrome and acute lymphoblastic leukaemia.
Neurofibror child registered with the same general practice as the case (GP control) and a child admitted to hospital for an acute medical or surgical condition other than cancer (hospital control), both controls matched for age and sex with the case. As we specifically excluded as hospital controls children with conditions known to be associated with malignancy and certain other major malformations and diseases, the casecontrol comparisons for the index children could be made only between the cases and the GP control children. However, we did not consider it necessary to exclude the relatives of hospital controls from the case-control analyses for relatives.
The proportions of children with malformations among the GP controls (4.9%) and the siblings of the cases (4.2%), GP controls (4.9%) and hospital controls (5.2%) were similar. The malformations included the 'lethal and handicapping' conditions which affected 2.5% of the populations reviewed by Leck (1983) and also many less serious conditions as listed in Chapter XIV of ICD9 (WHO, 1977) . Medical records were examined specifically for malformations and only those recorded in them were included in the analyses. Therefore the excess of malformations in the case children appears to be a genuine finding, particularly in view of the considerable excess of chromosomal/genetic anomalies, neural tube defects and other serious conditions. If the 'natural' incidence of malformations in the childhood population in the three regions was about 5%, then the excess malformations which can be presumed to be associated with the malignancies was just over 5% i.e. about one in twenty children with cancer may have a cancer/malformation syndrome, the cancer and the malformation perhaps sharing the same aetiology at molecular genetic level. This has already been shown to be the case for certain cancer/malformation syndromes, for example Wilms' tumour/aniridia (Riccardi et al., 1978) . Study of the family pedigrees of our cases showed that very few of the children with cancer and malformations had similarly affected relatives. Thus in the majority the event leading to both the cancer and the malformation can be presumed to have occurred in the ovum or sperm or after fertilisation. Ante-natal irradiation did not appear to be responsible, and all the mothers' pelvic X-rays were performed late in pregnancy.
The excess of malformations in the case children was not confined to certain diagnostic sub-groups but was evident in nearly all of them, although did not reach statistical significance except in the germ cell tumours sub-group.
The case-control comparisons for the numbers of malformations in parents, grandparents and other relatives showed no striking differences, with the possible exception that significantly more mothers of cases had malformations than did mothers of GP controls; this result may have occurred by chance since the differences between mothers of cases and Hospital Controls and the comparisons for diagnostic subgroups were not significant. Also the numbers of affected individuals were small. It is interesting but perhaps not surprising that the percentages of parents, grandparents and other relatives with malformations were substantially lower than the figures for the index children and their siblings. Two explanations could account for this. Firstly, individuals with 'lethal and severely handicapping' malformations would have been unlikely to have achieved parenthood, grandparenthood etc. Leck et al. (1983) reported that such malformations affected 2.5% of persons in British populations. This figure added to the 34/2176 = 1.6% of control (HP + GPC) parents with malformations gives 4.1%, quite similar to the rates among GP control index children and siblings of cases and controls. Likewise, in the 'other relatives' group, the figure of 2.5% added to the 380/15721 = 2.4% of control (HC + GPC) 'other relatives' gives 4.9%. Secondly, the mothers of the index children, from whom the data were obtained at interview, were likely to have been less well informed about malformations (especially minor ones) in their more distant relatives than in their children, i.e. there was probably an element of under-reporting, mainly for grandparents.
Neural tube defects had occurred in paternal and maternal relatives of the child with Goldenhar's syndrome (oculoauriculo-vertebral dysplasia, coloboma of the eyelid, dermoid of conjunctiva, accessory auricular appendages, hypoplastic zygomatic arches) and acute lymphoblastic leukaemia ( Figure   2 ). The relationship between these conditions is unclear and so is that between the various conditions in the pedigree of a child with a teratoma (Figure 1) .
Our study suggests that the excess of malformations found in children with cancer, compared with controls, without a similar excess of malformations in their close relatives may indicate that in some cases, perhaps about one in twenty, antenatal events may lead both to the malformation and the malignancy.
